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Caohejing New-Technologies Development Zone 
Update 

94P60101A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 15 Jan 94 p 1 


[Article by Guo Changxi [6753 2490 3588], Zheng 
Xian [6774 2009], and Zhou Zhenbang [0719 2182 
6721]: “Caohejing Development Zone Taking Shape”’] 


{Summary] Shanghai, 14 Jan (RENMIN RIBAO wire 
report)}—The Shanghai Caohejing New-Technologies 
Development Zone over its five-year-plus history has 
become an export-oriented, multifunctional new high- 
tech industrial park that has attracted investment and 
related plant construction by a number of internation- 
ally known high-tech corporations. Aggregate gross 
investment for the 115 foreign-funded enterprises in 
the zone has reached US$600 million, while foreign 
capital attracted is at $360 million, of which there are 
15 projects (about 14 percent of the 115) funded with 
at least $10 million each. 

Within the Caohejing Zone, Shanghai Beiling Micro- 
electronics Mfrg. Ltd., Shanghai Microelectronics 
Engineering Research Center, and Shanghai Philips 
Semiconductor Corp. have formed a technologically 
advanced microelectronics industry mini-zone inte- 
grating research, development, intermediate testing, 
production, and sales. This mini-zone has an indus- 
trial-grade, communications-grade, and consumer- 
grade large-scale integrated circuit (LSI) production 
capacity outfitted with 0.65-micron IC design tech- 
nology, technology for producing 4-5-inch silicon 
wafers, and technology for fabricating 1.2-3-micron 
ICs. A Shanghai fiber optic communications industrial 
base has taken shape around the Shanghai Fiber Optic 
Communications Engineering Co., Shanghai AT&T 
Communications Equipment Ltd., and the Sino-U.S. 
joint venture AT&T Fiber Optic Communications Ltd. 
Some 30 firms, including Shanghai Foxboro Co. and 
Shanghai Qiming [0796 2494] Software Ltd., have 
formed a computer software industrial group engaged 
in R&D of products for industrial and office automa- 
tion, information and enterprise management, finance, 
insurance, and commerce. The wholly U.S.-owned 3M 
China Ltd., the Sino-U.S. joint venture Shanghai 
Ruikan [3843 0170] (Electric) Cable Accessories Ltd., 
and the British firm ICI Co. have formed an interna- 
tional-state- >f-the-art production base for industrial 
new materials. Finally, Caohejing has the nation’= first 
bioengineering R&D/intermediate-testing base—the 
Chinese Academy of Sciences’ (CAS) Shanghai 
Bioengineering Research Center and other Sino- 
foreign joint ventures have formed an embryonic 
bioengineering industrial development zone. 


As of the end of 1993, the Caohejing Zone’s industrial 
gross Output value exceeded 4.2 billion yuan, business 
sales income exceeded 5.5 billion yuan, industrial 
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profits approached 700 million yuan, annual per capita 
sales income for foreign-funded enterprises within the 
development zone reached 330,000 yuan, and annual 
per capita profit was 70,000 yuan. 


Appetite Grows for Electronics 


40100036A Beijing CHINA DAILY (BUSINESS 
WEEKLY) in English 14 Feb 94 p 1 


[Article by Pei Jianfeng: “Appetite Grows for Electronics”) 


[Text] China’s exports—and imports—of electronics 
rose sharply last year. 


According to statistics from the General Administra- 
tion of Customs, exports of electronic products 
amounted to $8.1 billion in 1993, up 18.1 percent over 
1992. 


Imports, meanwhile, jumped 32 percent to $10.6 billion. 


Imports of visual and audio merchandise and telecom- 
munications products hit $5.53 billion, while exports 
totalled $5.01 billion. 

ts and 


About $3.62 billion of electronic componen 
instruments were imported and $1.51 billion worth 
were exported. 


Foreign-funded enterprises are playing a bigger role in 
the exports, said a senior official from the Ministry of 
Electronics Industry. 


Last year foreign-funded enterprises accounted for 
more than 40 percent of all exports. The proportion 
will continue to grow in the coming years, the official 
said. 


Exports of consumer electronics kept rising last year. 
China exported 113 million cassette tape recorders 
worth $150 million and 11.31 million television sets of 
which 6.95 million were black and white. 


China’s exports of cassette tape recorders and black- 
and-white TV sets rank first in the world. 


The official said China is trying to increase exports of 
electronic products for investment use and basic elec- 
tronic components. 


For example, China exported $558 million worth of 
computers and related products last year, an increase 
of 85 percent over 1992. 


Last year’s 18.1 percent growth in electronic exports 
actually was a slowdown from 1992, when they jumped 
by more than 40 percent over 1991. 
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The ministry official attributed the slower expansion 
to the brisk domestic market and exporters’ shortage of 


capital. 


According to the ministry’s statistics for 1993, Chinese 
electronic production reached 13°.8 billion yuan ($16 
billion), an increase of 26.4 percent over 1992. Sales 
jumped by 37.6 percent to 113.27 billion yuan ($13 
billion). 


The official said China now mainly exports low-grade 
products, which yield low profits. 


He noted that while exports of TV sets incveased by 20 
percent last year, their value rose by only 5 percent. 


At present, China depends on Hong Kong and Macao 
to absorb its exports, but the official said other markets 
will be explored. 


Although the imbalance in the trading of electronics 
accounted for nearly 20 percent of China’s entire trade 
deficit last year, the ministry official said imports will 
probably continue growing rapidly this year. 


This expanding market for electronics has drawn the 
attention of many foreign companies, which are eager 
to supply the up-to-date equipment China needs to 
modernize itself. For instance, the country plans to set 
up nationwide economic information networks that 
will need sophisticated technology from abroad. 


Last year, many big names in the international 
industry sent high-profile delegations to China seeking 
business. 


More are expected this year. Lou Gerstner, chairman 
of IBM Corp., the world’s largest computer maker, and 
William H. Gates III, chairman of Microsoft Corp., the 
software giant, are scheduled to make their first visits 
to China separately in March. 


of Electronics Industry Holds Expert 
Forum for Ninth FYP, 2010 Planning 


94FE0261A Beijing ZHONGGUO DIANZI BAO 
[CHINA ELECTRONICS NEWS} in Chinese 
17 Nov 93 pp 1-2 


[Article by Liu Weili [0491 5898 7787]: “Ministry of 
Electronics Industry Organizes Expert Forum for Elec- 
tronics Industry Development Planning”) 


[Text] From 19 to 20 October 1993, the General 
Planning Department and the Technology and Quality 
Monitoring Department of the Ministry of Electronics 
Industry (MEI) held a joint expert forum in Beijing for 
the Ninth Five-Year Plan (FYP) and for 2010 plan- 
ning. The forum was attended by experts and supervi- 
sors from more than 40 units in the ministerial system. 
MEI Deputy Minister Zhang Jingiang [1728 0093 
1730] gave an important speech at the forum. Also 
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present were Director Wu Xiaolong [0702 1420 7893] 
and Deputy Directors Xu Shuncheng [1776 7311 
2052] and Wang Jianzhang [3769 1696 4545] of the 
General Planning Department, Director Li Houbin 
[2621 0624 7001) of the Technology and Quality 
Monitoring Department, Director Li Dasheng [6786 
1129 0581] of the Basic Product and Major Projects 
Department, and Deputy Director Chen Zhengqing 
[7115 2973 3237] of the Computer and Information 
Promotion Department. 


Zhang Jingiang analyzed in his speech recent achieve- 
ments and existing problems of China's electronics 
industry. He emphasized conceptual planning for the 
Ninth FYP and 2010. He pointed out that plans for the 
Sixth, Seventh, and Eighth FYPs were all formulated 
under a planned economics system and carried a heavy 
planned-economy flavor. While planning for the Ninth 
FYP, we are faced with a very different setting. First, 
as the socialist market economy matures, the market is 
playing an increasingly stronger role in the allocation 
of resources. Second, when China joins GATT, the 
domestic market and the foreign market will merge to 
form a greater market. With these premises, we must 
be innovative conceptually and practically in our plan- 
ning for the Ninth FYP. We must on the one hand 
learn from the previous FYPs and on the other hand 
seize the opportunity of the new reform situation in 
China and adjustment of the international electronics 
industrial structure. We should formulate a plan for 
the greater industry and the greater market. The plan 
should be authoritative and of a guiding nature. He 
stressed the following five major points: 


(1) Strengthen macroscopic control and practice industry- 
wide management. The plan should be beyond depart- 
ments and ownership. It should be an industry-wide 
plan for state-owned, collectively-owned, private, and 
foreign businesses. 


(2) Implement the new ‘“16-word’’ development 
strategy. 


(3) Make fundamental changes in ideology, both in job 
function and in development approach. 


(4) Lead the development with systems engineering 
and network engineering. Here he described in 
detail 20 major projects in the ministry. 


(5) Pay attention to key products, key enterprises, and 
key regions. 


Li Houbing described the main functions of the Tech- 
nology and Quality Monitoring Department and 
progress in technical planning. He also analyzed the 
relationship between industrial planning and tech- 
nology planning and the importance of technology to 
the advance of the electronics industry. Wu Xiaolong 
expressed three opinions. First, the main point of 
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planning is no longer how to divide the money and 
materials. With limited financial resources, the state 
resources must reside on major engineering projects. 
Second, ‘ve must properly handle the relationship 
between domestic and foreign issues and make full use 
of the “two resources, two markets.” Joining GATT 
will place Chinese products on equal footing in com- 
peting with foreign products. We must therefore aim 
high and pay attention to economic efficiency. Third, 
we should avoid repetition. 


The attending experts listened to the presentations of 
Zhang, Li and Wu and conducted wide-ranging discus- 
sions On communications, television broadcasting, 
computers and software, microelectronics, basic prod- 
ucts and military applications. They made the fol- 
lowing recommendations for the Ninth FYP and 2010: 


I. Methods for Speeding Up Development 
(1) New Understanding of the “16-Word” Strategy 


We must first adhere to “market orientation” and 
Organize our production and macroscopic control 
according to the market supply and demand. We must 
change the old practice of paying attention only to 
production and ignoring management, and centering 
all activities on the plan and not the market. In the 
meantime, we must use efficient industrial manage- 
ment to promote consumption and direct the market. 
Second, we should combine the strategy of “using the 
foreign market to stimulate the domestic market” and 
the development model of “using offense as a 
defense.” We need to carry forward the development 
of some basic industries in China by exporting. For 
example, we can proceed to produce HDTV receivers 
that meet U.S. standards for the U.S. market and by so 
doing develop domestic HDTV receivers and related 
industries in China. 


(2) Strengthening Industrial Management and Informa- 
tion Guidance 


We should avoid duplication, improve industrial man- 
agement, and include all enterprises, including village 
and city enterprises and “‘tri-investment”’ enterprises 
into the management system. To enhance manage- 
ment, MEI should implement several constraint and 
control measures. Examples are the right to formulate 
product and technical standards, and to certify equip- 
ment. They recommended a reform of the State Radio 
Regulatory Committee so that it may transcend other 
departments and become more efficient. 


(3) Establishing China’s Own Industry 


The strength of the industry is in its products. There 
can be development only when the products meet the 
needs of the customers. We should make the develop- 
ment of the “Golden Card” a major business in China. 


Science & Technology Policy 4 


If MEI itself is buying the “Golden Card” from foreign 
countries, then the banks can also buy it and there 
would be no need for MEI to develop it. China was 
practicing importing during the Sixth and Seventh 
FYPs and cooperation during the Eighth FYP; now it 
is time to establish our own industry and stop relying 
on others. 


(4) People as the Key to Development 


Much more attention should be given to people and 
stability of the ranks. In recent years people in enter- 
prise units are flowing toward joint-venture and inde- 
pendently owned businesses, offices of foreign busi- 
nesses in China, and toward the eastern coastal areas. 
This human flow has left many business units with 
technical staffs trained in the 1950s and 1960s. There 
is now an alarming discontinuity in human resources, 
which is extremely detrimental to the development of 
the electronics industry. The forum recommends that 
MEI perfect its reward system, formulate corre- 
sponding policies, and stabilize ranks. This has a direct 
impact on the realization of goals set for the Ninth 
FYP and 2010. 


(5) Reconciling Research and Production 


Speed up the reform of the old scientific research 
system, establish national high-tech venture capital 
foundations, let the state share the risks and benefits 
with the enterprises and the reseerch institutes. Pay 
attention to basic research and technology reserves, 
provide protection via investment policy. 


II. Development Trends for Ninth FYP and 2010 
(1) Communications and Television 


The trends in communications and television are dig- 
ital technology, multi-media, software, and system 
networking. In the short term, analog mobile commu- 
nications products will still be the lead product in the 
Chinese market, and we must quickly master the 
technology for mass production. For digital mobile 
communications products we need to excel in research 
and follow this technology. Fiber-optic communica- 
tions will be centered on the development of synchro- 
nous fiber-optic technology. The main task in micro- 
wave communications is to improve the volume, 
quality, and reliability. Satellite communications will 
again be based on digitized transmission. Develop- 
ments in television will include a CATV system based 
on fiber-optic transmission. Digital TV will be gradu- 
ally commercialized and China needs to conduct 
research and technology tracking for [digital] HDTV. 


(2) Computers and Software 


The unification of computers and communication 
characterizes an information society. Parallel pro- 
cessing is an important way to improve computing and 
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will be the trend for future mid-size and main-frame 
computers. Software and information services are cap- 
turing a greater share in the computer industry. The 
triad of software, systems integration, and services is 
the main trend in software development. Multi-media 
will become practical. Magnetic recording will move 
toward greater volume and density and magneto- 
optical disks will find broad application in computers. 
Computer security will receive increasing attention. 
Software operating systems will be based on Unix and 
Windows. Software development should move toward 
public-domain applications and development tools 
should move from single to integrated. Development 
methods will go from the traditional methods toward 
object-oriented approaches. 


The Ninth FYP should emphasize notebook computers. 
China has already made some progress in workstations 
and the efforts should continue. The software industry 
should stress application software, especially high-level 
software packages. 1 he technology for software tools and 
systems software should be tracked. 


(3) Microelectronics 


The future development trends in microelectronics are 
integrable, programmable FPGA [field-programmable 
gate array] technology, MOSYS systems, hybrid ICs, 
and quantum devices. Development emphasis for the 
Ninth FYP should be placed on the following items: 
When introducing new technology for the low-grade or 
medium-grade products already on the market, the 
emphasis should be on the novelty and not on the high 
tech. Practice secondary integration using existing for- 
eign technology and products. Strive for breakthroughs 
in the design of ICs. Pay attention to packaging and 
broaden the applications of microelectronics in the 
automobile industry. 
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(4) Basic Products 


Production of components will continue to move toward 
miniaturization, thin-film usage, and large-scale integra- 
lion. Mass-production technology will receive great 
attention. Emphasis in the Ninth FYP should be as 
follows: In component production, chip-type compo- 
nents are yielding the mid-grade market in favor of 
low-grade, high-consumption components and high- 
grade products with high added value. The development 
of sensors and transducers should stress silicon- 
on-sapphire [SOS] transducers with high stability in a 
high humidity environment, low-voltage pressure- 
sensitive resistors, and thin-film Hall devices. The 
emphasis in electronic components should be hybrid 
ICs, electronic power meters, electronic cards, and heat 
sensors. Electronic functional materials should stress 
sensing materials, precision electronics ceramics, high- 
density and low-noise magnetic recording materials, 
fiber-optic materials, high-energy-density rare earth per- 
manent magnetic materials, and new types of acousto- 
optic materials. For relays and connectors, China should 
first develop relays and connectors used in communica- 
tions and television, solid-state relays and chip connec- 
tors, ICs, and multi-layer printed circuit boards. Second, 
China should mass-produce black-and-white and color 
TFTs [thin-film transistor LCDs] and monochrome and 
black-and-white STN [supertwist-nematic LCDs] used in 
opto-electronics. Third, in the area of electronic equip- 
ment and special facilities, China should emphasize 
communications equipment and equipment for preci- 
sion manufacturing. 


(5) Military Electronics 


Modern war has placed a higher dernand on electronics 
technology. Experts at the forum made forecasts for the 
needs in China’s command systems, navigation guid- 
ance systems, friend-or-foe identification systems, 
information systems, aerospace systems, and traffic 
control systems, and identified the key technologies for 
each system. 
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Method for Realizing Spaceborne SAR Digital 
Imaging 


94FE0160A Beijing DIANZI XUEBAO [ACTA 
ELECTRONICA SINICA] in Chinese Vol 21 No 9, 
Sep 93 pp 55-58 


[Article by Li Chunsheng (2621 2504 0581], Li Jingwen 
[2621 2529 2429}, and Zhou Yinging [0719 5593 3237] 
of the Dept. of Electronic Engineering, Beijing Univer- 
sity of Aeronautics and Astronautics, Beijing 100083: 
“Method for Realizing Spaceborne SAR Digital Imag- 
ing”; MS received Feb 92, revised Nov 92] 


[Text] 


Abstract 


In this paper, a method of high-resolution digital 
imaging using spaceborne synthetic aperture radar 
(SAR) is presented. Computer digital images are gener- 
ated using raw radar data collected by the U.S. ocean 
surveillance satellite SEASAT-A. The images cover 
2,048 cells in the range direction and two synthetic 
apertures in the azimuth direction with an imaging area 
of approximately 38 km x 34 km. The high-quality radar 
images with a resolution of 25 m x 25 m have demon- 
strated the effectiveness of the proposed method. 


I. Introduction 


During the past 20 years, the use of synthetic aperture 
radar (SAR) as an advanced microwave remote sensor 
has attracted a great deal of attention. Since the mid- 
1970s, SAR technology has evolved from airborne 
applications to spaceborne applications. In recent 
years, significant progress has been made in space- 
borne SAR technology. Since the launch of the SEA- 
SAT-A satellite by the U.S. National Aeronautics and 
Space Administration in 1978, the U.S. SIR-A, SIR-B, 
SIR-C, and European ERS-1, the Canadian RADAR 
SAT and the Japanese JERS-1! satellites have all been 
equipped with advanced SAR imaging systems. 


The unique features of spaceborne SAR systems are: 
high altitude, extended range and coverage, wide band- 
width, and high data rate; also, various error correction 
and compensation schemes and complex signal pro- 


airborne SAR. Because of the relatively low altitude and 
slow velocity of airborne SAR, the Earth can be regarded 
as a large planar surface, which makes signal processing 
relatively easy. In the case of spaceborne SAR, however, 
the effects of Earth rotation and Earth curvature produce 
coupling in the radar returns between the range direction 
and the azimuth directicn; as a result, azimuth compres- 
sion of the radar signal becomes very complicated. In 
general, digital image processing for spaceborne SAR 
involves range processing, azimuth processing, motion 


images genera 
lected by the U.S. —— satellite. 


h(eor) = Wr, (sdexp{ — 3 S5O)\ sfp—m(s)), (2) 
hn(sy0)— 2 a(r exp) X or (3) 


R(oy—R(0)4+2/4,54+54,05)'] (4) 


In the above equation, fp is the Doppler center fre- 
quency, f, is the rate of change of Doppler frequency, 
v is the satellite velocity relative to the ground, and b is 


p(t, 7) =ma(z,7) & hg® (257) 
amo(2,r) # hy (2%) * incor /oor (5) 
where Cy = 2xbA/c. 
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It is known from the principle of pulse compression 
that the slant range resolution after pulse compression 
is: 


p, = c/2B, 
and the ground range resolution is: 


Pry PC aes. + sin)~' (6) 


where B, is the signal bandwidth, H is the satellite 
altitude, R, is the mean Earth radius, and @ is the 
antenna viewing angle. The number of samples of the 
range reference function is 


N,=A°* f. 


where f, is the sampling frequency. 


The raw dava collected by SEASAT-A are digital data 
produced by the A/D converter; prior to range pro- 
cessing, they must first be orthogonalized and then 
matched-filtered. The orthogonalization process is 
accomplished in the frequency domain, where a 
window function is applied and the signal carrier 
frequency is shifted to zero frequency; finally, a com- 
plex IFFT [inverse fast Fourier transform] is per- 
formed to complete the process of range digital pulse 
compression. This process is equivalent to a transfor- 
mation from real data to complex data; the complex 
data are stored for azimuth processing. 


IV. Azimuth-Compression Processing 


The azimuth reference function is chosen based on the 
expression of the range-compressed radar signal:? 


r— R(z) 42R(2) 
Ae (ayn) = (2) oe FS Desa 24 = (7) 


Due to the effect of range drift, coupling between the 
range direction and the azimuth direction exists in the 
radar return; therefore, azimuth processing requires 
complicated two-dimensional processing. In fact, azi- 
muth processing is actually a two-dimensional 
matched filtering; the filtered output signal represents 
the scattering characteristics of the ground target, 
which is of the form: 


Go(X,r) = S_(x,r) * h’,(x,r) (8) 


The implementation of two-dimensional matched fil- 
tering for azimuth processing is highly computation- 
intensive. By using a hybrid tir:e-domain and frequency- 
domain correlation technique, the two-dimensional 
problem reduces to a one-dimensional problem, and the 
correction of range drift can be accomplished in the 
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frequency domain; as a result, the amount of computa- 
tion is greatly reduced. For a second-order curve R(x), 
the azimuth reference function for range ro is: 


* 
—— —— (9) 


where d, is the distance of the range reference value fo, 
and 


ae sincs| r>— R(z) _ , 4aR(s) 
gi (2 9%) W,(z) Ce eee 7) j A 
(10) 


The expression in the frequency domain after azimuth 
processing is of the form: 


; y 
Q(a,r) = —R (o,.r.) (11) 


It can be seen from the above expression that the hybrid 
correlation method uses time-domain correlation in the 
range direction and frequency-domain correlation in the 
azimuth direction; this approach takes full advantage of 
the FFT and therefore provides an efficient way of 
calculating precision impulse response. 

If the above method is applied directly for azimuth 
compression, the amount of computation will increase 
with increasing Doppler center frequency. A more 
efficient way would be to apply correction to the range 
wander (the linear term of range drift) before azimuth 
pulse compression, then apply correction to the range 
bending (the second-order term of range drift) in the 
frequency domain; this approach requires less compu- 
tation, and R(x) in the azimuth reference function 
&;(X,o) becomes: 


R(s) = R(0) ++ 4,2)! (12) 


Computer results show that the digital images of spa- 
ceborne SAR produced by this method and the pre- 
vious method are almost identical, but the amount of 
computation for azimuth compression (at f,, = 980 Hz) 
is reduced by one half. 


V. Motion Compensation 


Because of antenna pointing error and errors caused by 
satellite motion, it is difficult to accurately estimate the 
Doppler center frequency and the rate of change of 
Doppler frequency from satellite historical data and 
from SAR parameters. Inaccuracy in the Doppler 
center frequency and in the rate of change of Doppler 
frequency will have an adverse effect on SAR images. 
Inaccuracy in the Doppler center frequency will result 
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in lower signal-to-noise ratio, which in turn will cause 
an increase in the fuzziness in azimuth and a shift in 
the target position. Inaccuracy in the rate of change of 
Doppler frequency will cause defocusing in the radar 
images and result in a decrease in pixel resolution. An 
effective method of estimating the Doppler parameters 
is to estimate the errors in the Doppler parameters 
directly from the radar return data. 


The clutter lock used for estimating the errors in the 

Doppler center frequency is obtained from the normal- 

ized energy difference of the symmetric multi-look 

sub-images.’ Experimental results show that the error 

in the Doppler center frequency is proportional to the 
Afp =~ f,TAE (13) 


where T is the time required for the satellite to travel 
the distance of one aperture. 


The auto-focusing used for estimating the rate of change 
of Doppler frequency is determined by the relationships 
between the multi-look sub-images. The offset between 
the first-look sub-image and the Nth-look sub-image AX 
can be obtained from the relationship between the two 
sub-images. Experimental results show that the offset is 
proportional to the errors in the rate of change of 
Doppler frequency: 


Accurate estimates of the Doppler center frequency 
and the rate of change of Doppler frequency can be 
obtained by an iterative procedure. For example, for 
an image around the city of London, the estimation 
error of the Doppler center frequency is less than 10 
Hz, and the estimation error of the rate of change of 
Doppler frequency is less than 0.3 Hz/sec. 


VI. Spaceborne SAR Digital Imaging 


Raw radar data of an area around the city of London 
have been collected by the U.S. SEASAT-A satellite; the 
center of the area is located at 51.43° N. latitude and 


0.33° E. longitude. The radar parameters and signal 
































processing parameters are as follows: 
Sampling frequency 45.53 MHz 
Sampling width 300.5 ps 
Quantization accuracy 5 bits 
Wavelength 0.235 m 
Modulation frequency 11.38MHz — — 
Pulse repetition frequency 1647 Hz 
Pulse width 33.9 ps 
Signal bandwidth 19.0 MHz 
Average satellite height 800 km 
Antenna viewing angle 20° 
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The estimated Doppler center frequency and the rate 
of change of Doppler frequency are approximately 940 
Hz and 505 Hz/s, and the range drift is 43 range 
resolution cells. In order to reduce the effect of spot 
noise during the formation of the radar signal, we use 
an iterative procedure of non-coherent integration of 
4-look sub-images. Figure 1 [photo not reproduced] 
shows the computer-generated digital image obtained 
using the method given in this paper. The processed 
image has a resolution of 25 m x 25 m; the imaging 
area covers 2,048 range cells and two synthetic aper- 
tures in the azimuth direction, which corresponds to 
an area of approximately 38 km x 34 km. During the 


VII. Conclusion 


By applying the spaceborne SAR digital imaging 
method presented in this paper, we have 
computer images using raw radar data collected by the 
U.S. SEASAT-A satellite. These are the first high- 
resolution spaceborne SAR itaages obtained in this 
country; the image resolution is 25 m x 25 m. The 
results of computer images have verified the effective- 
ness of the proposed method. 
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High Reynolds Number Wind Tunnel Completed 


94FE0200A Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 12 Nov 93 p 1 


[Article by Bu Xiangqun [0592 0686 5028}) 


[Text] Beijing (CSN)—Construction of China’s first 
high Reynolds number transonic two-dimensional 
wind tunnel at the Institute of Mechanics, Chinese 
Academy of Sciences (CAS) has been completed; on 30 
October, it was certified by the CAS. The 14 members 
of the certification committee, which include 
renowned Chinese aerodynamicists, academic com- 
mittee members, chief engineer of the China Aero- 
space industrial Corp., Prof. Zhuan Fenggan, Prof. Dai 
Changhui, Prof. Lin Yunpei, and other experts believe 
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that the high Reynolds number transonic wind tunnel 
developed by the Institute of Mechanics matches 
leading wind tunnels of the world in terms of technical 
standard and performance. 


The key simulation parameters in an aerodynamic test 
are the flight Mach number and Reynolds number. A 
conventional transonic wind tunnel can usually simu- 
late the proper Mach number, but the simulated Rey- 
nolds number is typically one or two orders of magni- 
tude lower than actual flight values. Therefore, some of 
the aircraft designed in the 1960s based on data 
obtained from conventional transonic wind tunnels 
developed problems. In an effort to avoid these prob- 
lems, the United States, Canada, Europe, and Japan 
have invested huge sums of money since the 1970s to 
develop and construct high Reynolds number wind 
tunnels. 


In the early eee oe oe 
aerodynamic test facility and 

mental techniques, experts of the — of 
Mechanics proposed the idea of building a high Rey- 
nolds number tubular wind tunnel; the initial design 
effort was led by Prof. Zhuan Fenggan. In 1988, the 
project was approved by the CAS. 


With limited funds, members of the research and 
development group were determined to make this 
project a success. During the construction, they found 
innovative approaches that were compatible with 
China’s limited industrial and economic resources, 
and succeeded in building the wind tunnel with a small 
investment and very short development cycle. The 
overall design has also built-in provisions for further 
improving the performance and expanding the utility 
of the wind tunnel. The success of this project has 
paved the way for future development of high Rey- 
nolds number transonic wind tunnels in China. 
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Antistatic Film’s Performance, Its Application to 
Satellites 


40100031A Beijing KONGJIAN KEXUE XUEBAO 
[CHINESE JOURNAL OF SPACE SCIENCE] 
in Chinese Vol 13 No 4, Oct 93 pp 286-291 


[English abstract of article by Lu Yu-sun, Li Hua, and 

Cai Cun of the Lanzhou Institute of Physics, Chinese 

pry seg Fol Space Technology, 730000; MS received 
Ov 


Oe ents tens Tian 
performance of ITO, sn satan of teal Rae 
films are prepared on substrates of flexi 

Mylar and FEP Teflon by mignet~on sputtering Tests 
indicate that their stabilities uncer various conditions 
are quite good. The conductivi‘y of the antistatic films 
in the simulated substorm civironment is also mea- 
sured. The results show that the modified flexible SSM 
can eliminate the charge accumulation on their sur- 
faces and control the surface voltage below 80 Volts. 
On the contrary, the potential on the uncoated SSM 
surface can have a value up to 8-10 kV. 


Effects of Particle Radiation on Integrated 
Chipe in Satelite * 


4010003 1B Beijing KONGJIAN KEXUE XUEBAO 
[CHINESE JOURNAL OF SPACE SCIENCE} 
in Chinese Vol 13 No 4, Oct 93 pp 292-298 


[English abstract of article by Pu Jian and Ye 
of the Center for Space Science and Applied Research 
CAS, Beijing 100080; MS received 18 Feb 93} 


[Text] The energy deposits in critical volumes of inte- 
grated chips produced by some radiated particles in 
Feng Yun-1 (B) satellite environment are analyzed. 
This is called linear energy translation (LET). We have 
obtained the LET of Galactic Cosmic-Ray components 
1 s Z s 28, Galactic Cosmic-Ray anomaly compo- 
nents agp! N, O, Ne, Ar, fe), and inner — 
protons. And single-event upset (SEU) ratios produced 
by these particles are calculated, respectively. 











JPRS-CST-94-002 


25 February 1994 Advanced Materials 9 


More Reports on Nanomaterials 


— — 


YAÆFEOIGIA Beijing KEXUE TONGBAO [CHINESE 
SCIENCE BULLETIN] in Chinese Vol 38 No 18, 
16-30 Sep 93 pp 1649-1651 


{Article by Zou Bingsuo [6760 3521 6956], Tang 
Gouging [3282 0948 1987], Zhang Guilan [1728 2710 
5695],.and Chen Wenju [7115 2429 7467] of the 
Institute of Modern Optics, Nankai University, Tian- 
jin, 300071, and Li Tiejin [2621 6993 3160}, Zhang 
Yan (1728 1484], and Xiao Liangzhi [5135 5328 6347] 
cf the Department of Chemistry, Jilin University, 
Changchun, 130023: “Preparation and Optical Prop- 
erties of Cu,0 Nanoparticles,” funded by the Natural 
Science Foundation of China and the Post-Doctoral 
Foundation of the State Education Commission; MS 
received 5 Nov 92, revised 1 Mar 93] 


[Text] Key words: Cuprous oxide, nanoscale particles, 
preparation, exciton limitation, optical characteristics. 


Due to the quantum confinement effect, semicon- 
ducting nanoparticles produce a serics of new 
phenomena,'? among which the materials with ultra- 
fast optical nonlinear response have been particularly 
noticed. It is predicted that these semiconducting 
materials will be the basic uptoelectronic materials of 
the future. The study of the opto-absorption and - 
relaxation properties of nanoscale crystals will help us 
further understand the mechanism of nonlinear optical 
response. 


When the size of a semiconducting nanocrystal is as 
small as the Bohr radius a, of its own phase, a series of 
changes of electronic state and optical property can be 
observed. These phenomena are observed in the semi- 
conducting nanocrystal systems of CdS, CuCl, CdSe, 
PbS.** The ratio of the nanocrystal radius R to its 
Bohr radius a, can be used as the general guideline to 
determine the influence of the quantum confinement 
effect on the electronic state:> When R/a, << 1, the 
nanoparticles are in the strong quantum confinement 


(1) Sodium 


zone, and their energy levels of electrons and holes are 
clearly separated; however, when R/a, >> !, the 
nanocrystal is in the exciton confinement zone where 
the excitons act as quasi-particles whose translation 
kinetic energy’s degree of freedom is confined within 
the three-dimensional space; as a result the exciton 
energy increase is limited. Currently, only CuCl nanoc- 
rystals are being researched as an exciton- 
confinement-zone material, and they are also good 
model materials for the study of excitonic molecule 
properties. This paper presents the preparation of 
cuprous oxide (Cu,O) nanccrystals and discussion of 
their optical properties, as well as a discussion of 
results based on the model of exciton responses to the 
quantum confinement effect. 


1. Experiment 


The Cu,O nanocrystals are made by the oxication- 
reduction method in a micro-emulsive liquid. The 
process flow diagram is as follows: 


The Cu,O nanocrystals made by this method are all 
coated with sodium dodecylbenzene sulfonate (DBS) 
molecules, and form a transparent sol with toluene. 
The crystal sizes can vary within the limit of 5-10,0 nm 
as determined by the initial value of (CuAc,)/[DBS}. 
The transmission electron microscope and the low- 
angle X-ray scattering experiments show that the 
spread of the Cu,O nanocrystal dimensions ‘Ss very 
narrow. About 93 percent of the crystal dimensions 
have the median radius, and the rest are distributed 
within the 10 percent of the median radius. The radius 
distribution of the nanocrystals is thus well suited for 
the study of optical properties. 


The room-temperature photoluminescence and excitation 
spectra of the Cu,O nanocrystal sol series are measured 
with a Hitachi F-4000 fluorescence spectrometer. 


2. Results and Discussions 


The visible-ultraviolet absorption spectra of Cu,O 
nanocrystal (9.0 nm) organic sol starts at 650 nm. The 
absorption rate gradually increases toward the high- 
frequency region, but there is no clear indication of 
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structural absorption characteristics. This implies that 
the phenomenon is influenced by two factors: one is 
the temperature and solvent effects; and the other is 
the size effect. Because the dimensions of the nanoc- 
rystal are far greater than the Bohr radius a, (0.7 nm) 
of its own phase, the increase of the exciton energy is 
not obvious, and the energy separation induced by the 
confinement effect is very minor. 


Figure 1 shows the photoluminescence spectra of the 
Cu,0 The excitation luminescences are 
(1) 330 nm, (2) 400 nm, (3) 440 am, (4) 460 nm, (5) 510 
nm, and (6) 532 nm. Five luminescence bands are 
visible in the neighborhood of 400 nm, 475 nm, 505 
nm, 540 nm and 565 nm. The last four bands corre- 
spond to the existing four luminescence bands in the 


presence of energy jumps between bands within the 
Cu,O crystal. The emission luminescence has not been 
reported in the past, but its absorption structure was 
reported long ago.’ The emission from the bottom of 
the conduction band in the exciton confinement zone 
possibly originates from the bound excitons formed at 
the bottom of the band; however, further proof is 
needed. As to the luminescence phenomenon of solids 
at high energy level (or energy band), it is rarely seen in 
solid-state phases and many other nanocrystals. How- 
ever, in our research we have observed that the phe- 
nomencn of increasing high energy-level radiation 
jumps not only takes place in the aforementioned 
Cu,O nanocrystals, but could also occur in the coated 
CdS and PbS nanocrystals. It is quite likely that in the 
high energy-level neighborhoods of the quantum con- 
finement and dielectric confinement zones, stable 
bound excitons are formed, and consequently, they 
reduce the non-radiation jumping probability of the 
electrons or holes due to vibrations or impurities; thus, 
deserves further probing, because it has direct bearing 
on the enhancement of the system’s nonlinear optical 
phenomena. 


Figure 2 shows the excitation spectra of Cu,O nanoc- 
rystal (0.9 nm) emission at (a) 600 nm and (b) 580 nm. 
They are equivalent to the exciton wavelength absorp- 
tion structure.® Figure 2 shows the exciton jumps in the 
indigo, blue, green, and yellow series are all mutually 
related,° and have an obvious relationship with the 
jump at about 380 nm. There is a corresponding 
spectral region of each individual series, and occasion- 
ally these spectral regions overian. The relatively low 
vibrator absorption intensities of the yellow and green 
exciton series are caused by the dipole forbiddenness 
of the jump.” 
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Another interesting phenomenon in the excitation 
spectra is that the dipoles allow the indigo and blue 
exciton series having the multi-peak structures of jumps. 
Such structures are caused by the quantization of the 
exciton energy which in turn is due to the spatial 
quantum confinement effect.'° Hanamura’ has sug- 
gested a simplified mode. He assumes the exciton to be a 
quasi-particle situated in a semiconducting nanosphere; 
when R/a, >> 1, the exciton energy (1 = m = 0) that 
allows jumps is expressed as 


E,, = E, - E°., + n’E,, (1) 


where E, is the quantum confinement energy (h7x7/2 M 
R?) and E°., is the exciton bonding energy which varies 
with exciton’s principal quantum number. The quan- 
tization of excitons follows the equation E”., = E,/n’, 
where E, is the effective exciton Rydberg energy (je*/ 
2h’e”,), M = m, + m,, # = m.m,/m, + m,, and hence 
the equation 


E. = Ey - E,/n’ nE. (2) 


is used to describe the different exciton jumps with 
different principal quantum numbers in the same 
series. Our test results as shown in Figure 2 and Table 
1 have proved the validity of Equation (2). 





Table 1. Theoretical Valve and Experimental Values of 




















Indigo Exciton Jump 
Experimental value (R = 4.5 Calculated value (R = 4.35 nm, 
nm, ap = 0.7 nm) E, = 146,413 nm, Ex = 12,407 nm) 
E; = 468.2 468 
E2 = 451 451 
E3 = 438 441.9 
Eg = 428.8 432.1 
Es = 420.6 420.6 








The aforementioned results demonstrate that the con- 
clusion that the exciton energy increase in the exciton 
confinement zone is limited is valid only for the energy 
jump when n = 1. When n = 2, the blue shift of the 
jump is relatively significant. In this case, exciton 
jumps of different principal quantum numbers split 
away from one another, while the nanocrystal optical 
nonlinear response produces mesoscopic 
strengthening.” This phenomenon will benefit our 
study of mutual reactions among the excitons within 
the exciton confinement zone, such as the super- 
radiation phenomenon."'' Thorough research on the 
above phenomenon would be very worthwhile. 


Acknowledgment: The authors are grateful to Pro- 
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Preparation of B-SiC Ultrafine Powder From 
Polysilane by CVD 


93FE0226A Beijing GUISUANYAN XUEBAO 
[JOURNAL OF THE CHINESE CERAMICS 
SOCIETY] in Chinese Vol 21 No 5, Oct 93 pp 466-470 


[Article by Zhang Changrui [1728 7022 3843] (corre- 
spondent), Chen Zhaohui [7115 2600 6540], Yan 
Dong [0917 0392], Song Yongcai [1345 3057 2088}, 
and Chen Ge [7155 7245] of the Department of 
Materials and Applied Chemistry, National University 
of Defense Technology, Changsha, 410073: “Prepara- 
tion of B-SiC Ultrafine Powder From Low-Molecular 
Polysilane by CVD”; MS received 12 Dec 91] 


[Text] 
Abstract 


SiC ultrafine powder is prepared by the CVD [chem- 
ical vapor deposition] method using low-molecular 
polysilane as precursor and argon as carrying gas. The 
relationships between the powder properties and the 
preparation factors such as reaction temperature, car- 
rying-gas flow rate, and reactant densities are studied. 
The B-SiC ultrafine powder with uniform size (< 0.1 
pum), high purity (30 weight percent of carbon content), 
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and homogeneous crystalline structure is obtained 
tallization processes. 

Key words: ultrafine silicon-carbide powder, CVD, 
low-molecular polysilane. 

1. latroduction 

Due to its high-temperature mechanical properties, 
and good thermal shock-resistance property, SiC is one 


of the major materials in research on using high- 
temperature ceramics for engine parts. ' 


To make superior ceramics by a sintering method, one 
of the crucial techniques is to prepare ultrafine (nano- 
scale) ceramic powders having the properties of non- 


prepare SiC ultrafine powder is the 
chemical vapor deposition (CVD) method.* 


Among the several CVD methods, one is to prepare the 
content monomers (e.g., SiCl,, and carbon- 
content monomers (gy CH Clg) and another, 
— — set Sime be. 
CH,SiCl,, CH,SiH;, ((CH;),Si},, etc.).7"* However, in 
the monomer reactions, the existence of chlorine 
reduces the production rate, corrodes the equipment, 
and pollutes the environment. Moreover, when the 
carbon-to-silicon ratio (C/Si) is too low, too much free 
silicon is produced. Therefore, it is worthwhile to 
research other systems. 

This paper studies the production factors of making 
SiC ultrafine powder from low-molecular polysilane 
(LPS), which is a by-product from synthesizing poly- 
alkyl silane, as raw material and high-purity argon as 
carrying gas. The research also analyzes the composi- 
tion, structure, and configuration of the ultrafine 
powder. 


2. Experimental Work 


2.1 Raw Materials: LPS is a by-product generated from 
the cracking process of making polyalkyi silane from 
polysilane. It is a pale yellow liquid composed of 
organic silicon oligomers with different boiling points. 
These oligomers have chain or ring structures with 


a | 
an or — 


as the backbones, and an average molecular weight of 
250. They vaporize completely at 300°C. 
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2.2 Carrying Gas: The carrying gas is ty argon 
with 12 x 10° of oxygen and 16.5 x 10° of H,O as 
analyzed with a DH-3C trace-oxygen analyzer and a 
US-1-1A trace-water analyzer, respectively. 


2.3 Apparatus for Preparation of SiC Ultrafine 
Powder: As shown in Figure 1. 











Figure 1. Schematic Diagram of the Apparatus for Prep- 
aration of SIC Ultrafine Powder 


1. LPS and flowmeter, 2. Carrying 
ne Sn a ee 


and flowmeter; 3. 
3 6. Pyrolysis 





tion of the Ultrafine Powder: The SiC ultrafine-powder 
product from the reaction is amorphous. The powder 
is treated at 1600°C for crystallization as well as 
decarbonization and deoxidization to remove the free 
carbon and oxygen in the ultrafine powder. 


2.5 Ultrafine Powder Characteristics: The powder’s 
infrared spectrum is obtained with a Hitachi 270-30 
infrared spectrometer. The size and configuration of 
the powder are determined with a Hitachi H-800 
transmission electron microscope (TEM); the powder 
crystal structure, with a type D/max-IIIA X-ray diffrac- 
tometer; and the carbon, hydrogen, and nitrogen con- 
tents, with a USA PE2400CHN element analyzer. 


3. Results and Discussions 


3.1 Effects of Reaction Temperature 


Under the condition that the argon flow rate is con- 
trolled at 0.24 L/min; and LPS flow rate, 0.025 g/min, 
different powder batches are made within the tempera- 
ture range of 900 to 1300°C, as shown in the TEM photos 
in Figure 2. The reaction temperature has little effect on 
the particle size and . The powder diame- 
ters are between 0.05 and 0.1 ym with very narrow 
distribution, and most particles are spherical. 














T. =900T 








| (b) T, = 1300 
Figure 2. SEM Photographs of SiC Powder Synthesized 
at Different Temperatures 


Ar: 0.24 L/min; LPS: 0.025 g/min; Vaporizer tempera- 
ture: 200°C 





Figure 3 shows the relationship between the powder’s 
carbon and the hydrogen contents and the reaction 
temperature. The carbon content increases and the 
hydrogen content decreases with the increase of the 
reaction temperature. The fact that the hydrogen content 
in the SiC product is zero at the reaction temperature 
1300°C indicates that the transformation of the organic 
LPS to the inorganic SiC is complete. In LPS, the ratio of 
carbon to silicon is 2:1, therefore the total carbon con- 
tent in the ultrafine powder exceeds the theoretical value 
(30 weight percent) and free carbon exists in the final 
product. At low temperature, the main cracking product 
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is CH, which will be carried out by the gas flow; as a 
result, the carbon content is comparatively low for the 
low-temperature reaction product. At high temperature, 
the cracking product is mainly H,., therefore the free- 
carbon content in the product increases. 








Wy / % 








Figure 3. Effect of Reaction Temperature on the C and 
H Mass Content in SiC Powder 





Figure 4 depicts the infrared spectra of products 
obtained at different temperatures. It shows that as the 
temperature increases, the transformation of the organic 
LPS to the inorganic SiC is gradually completed. At 450 
cm", there is a Si-O absorption peak. As the temperature 
increases, the peak becomes weaker. The existence of the 
Si-O bond is caused by the infusion of oxygen, one of the 
impurities in LPS. 
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Figure 4. Infrared Spectra of LPS and Its Pyrolytic 
Products Obtained at Different Reaction Temperatures 





3.2 Effects of Carrying-Gas Flow Rate 


When the reaction temperature is controlled at 1100°C 
and LPS flow rate at 0.025 g/min, at different argon flow 
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rates, the ultrafine powders remain spherical. When the 
argon flow rates are 0.088 L/min, 0.24 L/min, and 0.535 
L/min, the diameters of the ultrafine powder are 0.1 um, 
0.075 um, and 0.04 um, respectively. The SiC ultrafine- 


growth depends on its length of stay in the furnace. The 
higher the carrying-gas flow rate, the shorter the SiC’s 
stay in the furnace, consequently the finer the powder 


3.3 Effects of LPS Flow Rate 


When the furnace temperature is controlled at 1 100°C 
and argon flow rate at 0.24 L/min, SiC ultrafine 
powders are prepared at different LPS flow rates. The 
results show that when the LPS flow rate is at 0.025, 
0.065, or 0.160 g/min, all powders are spherical having 
a diameter 0.75 um, which indicates that the LPS flow 
rate does not affect the size or the configuration of the 
SiC ultrafine powder. 


3.4 Decarbonization, Deoxidization, and Crystallization 
of SIC Ultrafine Powder 


As aforementioned, the SiC ultrafine powder prepared 
by this method contains free carbon and SiO,, which as 
impurities produce unfavorable effects on the material; 
thus, decarbonization and deoxidization are needed. 
Besides, the prepared SiC ultrafine powder is amor- 
phous, therefore, crystallization is also needed. 


To achieve the purpose of decarbonization and deox- 
idization and in the meantime crystallization, this 
process utilizes high-temperature (about 1 500°C) reac- 
tion in which free carbon reduces SiO, and forms 
gaseous SiO and CO, which eventually evaporate. At 
the same time the crystallization is also completed. 
The XRD results (Figure 5) show that as the crystalli- 
zation temperature increases, the SiC ultrafine powder 
gradually transforms from the amorphous state to the 
B-SiC crystalline state. When the reaction temperature 
reaches 1500°C, B-SiC is virtually completely crystal- 
lized, and no other phases are observed. 


Figure 4 shows that after crystallization for 2 hours at 
1500°C, the infrared absorption peak at 450 cm" in the 


SiC ultrafine-powder spectrum disappears, which indi- 
cates that the powder is deoxidized. 


The element analysis shows that the carbon content of 
decarbonized SiC drops from 39.54 percent to 30.15 
percent, which is basically close to the theoretical 
carbon content (30 percent) of SiC. The fact that the 
color of the ultrafine powder changes from brownish to 
whitish also indicates that the powder is completely 
decarbonized. 
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Figure 5. XRD Patterns of SiC Powder Treated at Dif- 
ferent Temperatures 


1. Not treated; 2. 1380°C; 3. 1450°C; 4. 190°C 
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STM Research on Nanoscale Si Thin Films 
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1-15 Nov 93 pp 1953-1955 
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Changchun [2071 7022 2504], Zhang Pi {1728 
1627 1004}, and Bai Chunli [4101 2504 4409] of the 
Institute of Chemistry of the Chinese Academy of 
Sciences (CAS), Beijing 100080, and He Yuliang [0149 
1342 0081] of the Amorphous-State Research Section, 
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Major Projects Fund; MS received 19 Mar 93, revised 
3 Jul 93) 


[Text] Nanoscale Si thin film (nc-Si:H) is a nanoscale 
material composed of nanoscale ultrafine crystals. ':? The 
material contains 50 volume percent of crystals, and the 
other 50 percent contains a large number of interface 
atoms which greatly affect the structure and the 

of the nanoscale material.* Because of the novelty of the 
nanoscale Si thin-film structures, the film has a series of 
special characteristics that are different from crystalline 
or amorphous materials made of similar substances. 
These optical characteristics present application 
potential,*-* 


The scanning tunneling microscope (STM) developed 
in the early 1980s has been widely used in different 
fields.©’ The study of polycrystalline Si thin film with 
STM has achieved some results,*'' mainly in the 
exploration of the film’s surface characteristics and 
topography. However, so far there has been no report 
of STM research on the nanoscale material’s crystal 
interface, which has an important effect on the struc- 
ture and properties of the nanoscale material. In this 
paper, we utilize a locally made STM to study the 
surfaces of nanoscale Si thin films whose thickness 
varies from sub-micron to atomic scale. A series of 
data, especially on the crystal interface structures, is 
obtained. 
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1. Experimental Method 
The nanoscale Si thin-film specimen is prepared with a 


The instrument used in the research is a type CSTM- 
9000 STM for atmospheric use,'? manufactured by the 
CAS Institute of Chemistry and with a 
needle made of 80Pt-20Ir alloy (diameter: 0.25mm) by 
mechanical cutting or a tungsten needle (diameter: 
0.25mm) made by chemical etching. In a constan\- 


obtained with the tungsten needle. The needle bias is | 
volt; and the current, 0.45 nA. The scanning areas of 
Figures i(a) and 1(b) are 40.9 nm (x-direction) x 48.8 
nm (y-direction), and 20.5 nm x 24.4 nm, respectively. 


coincide with the results from high-resolution electron 
microscopy (HREM).'? The image obtained 
mechanically cut Pt/Ir needle shows com 

ciocth taliin Weide Gs tates Gardin ta Oe 
nanoscale Si thin film, due to the large radius of 
curvature of the mechanically cut Pt/Ir i 
Figure 2 shows the three-dimensional STM near- 
atomic image of the nanoscale Si thin film obtained 
with the Pt/Ir needle. The STM parameters are: needle 
bias V, = 1.0 V; tunnel currents I, are 0.4 nA and 0.6 nA 
for Figures 2(a) and 2(b), respectively; and the scan- 
ning areas are 4.10 nm x 4.88 nm and 1.7 nm x 1.0 nm, 
respectively. Figure 2(a) shows that the atoms in the 
brighter areas arrange in an orderly pattern, and the 
darker areas are the boundary surfaces of the crystals 
where the atom arrangements are somewhat random. 
This observation essentially coincides with Gleiter’s 


ail 





16 Advanced Materials 


- nanoscale material structural model.? Two scratch 
marks caused by the unstable needle are displayed in 
Figure 2(a). Figure 2(b) displays the orderly arrange- 
ment of atoms with a distance of about 3 Angstroms 
between neighboring atoms. At this position, we 
believe that the area of STM observation is focused on 
the particle. Since the particle 2 aes Be 





Figure 1. Plane Image of Nanoscale Si Thin Film 
Scanning area: (a) 40.9 nm x 48.8 nm, (b) 20.5 nm x 24.4 
nm 





This experiment has found that the needle bias for image 
formation should not be too low to cause needle insta- 
bility, which is probably due to the nanoscale Si thin-film 
ration of the nanoscale Si thin-film specimen, the reac- 
sou eeshicon ailias aud bodvenin dlr blab Oe oon 
face oxidation. These results are only preliminary. 
Further study is in progress. 


3. Conclusions 


The STM study of nanoscale Si thin film reveals that 
this film is composed of nanoscale particles with 





Figure 2. Three-Dimensional STM Near-Atomic Image 
of Nanoscale Si Thin Film 


Scanning area: (a) 4.10 nm x 4.88 nm, (b) 1.7 am x 1.0 
nm 





average particle size of 3 nm-5 nm. Through the STM’s 
high-resolution imaging capability, the near-atomic 
images on the thin-film surface are directly observed. 
The images show that the atom arrangement of the 
nanoscale particles is orderly, and the atom arrange- 
ment between the particles is comparatively random. 
These results coincide with past observations by 
HREM, and further disclose the microstructure of the 
nanoscale Si thin film. 
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[Text] SnO, nanoscale crystal powder is prepared with 
a hot-water method as follows: The metallic tin powder 
is mixed with nitric acid and the reaction turns the 
mixture into a transparent solution. The solution is 
then mixed with polytetrafluoroethylene and loaded in 
‘an autoclave at 150°C for 24 hours. After the treated 
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solution is cooled to room temperature, white SnO, 
powder is obtained. The powder is washed thoroughly, 
baked at 150°C for 24 hours, and then into a 
plate under a pressure of 10° kg/cm’. The initial 
particle size of the specimen is 3 nm. After annealing at 
different temperatures, nanoscale SnO, powders of 
different particle sizes are obtained. The powder 
crystal structure belongs to the rutile type, and there is 
less than | percent of impurities in the powder. 


The Raman spectrum is measured with a U.S. SPEX- 
1403 laser Raman spectrometer. The excitation light is 
the 514.5-nm line from an argon-ion laser. The back- 
scatter configuration is adopted. All measurements are 
conducted at room temperature. 


Figure | shows that the peaks in the Raman spectra are 


SnO, spectra. 
spectrum peaks with wave numbers of 472, 632, and 
Tri eat! — 
Oe ee tet etek ot 
numbers of 358 and 572 cm" are designated as B, and 
B,, respectively. The mode-B peaks do not exist in the 


of B, and B, peaks is caused by the nanoscale effect. 
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Figure 1. Raman Spectra of Different Nanoscale SnO, 


1-6 are 3, 4.4, 6.5, 9, 13, and 90 nm, respectively 





the peak intensities in Figure 1 are normalized 


All 

according to the intensity of peak A,. As shown in 
1, the intensity ratios of the peaks in mode B to 
the peaks in mode A increase rapidly with decrease in 


i 
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crystal size. This observation is similar to the phenom- 
with decrease in crystal size. We assume that the B, 
and B, peaks are caused by the surface phonon modes 
and are closely related to the A, and A, peaks. This 
experiment shows that the frequencies of the B, and B, 
peaks are lower than those of the A, and A, peaks. The 
appearance of the low-frequency surface phonon 
modes is induced by the relaxation among the surface 
atoms. This relaxation weakens the interaction among 
the surface atoms, and consequently reduces the sur- 
face force coefficient. 


Calculations based on the Raman spectra of nanoscale 
solid materials are expected to generate the specific 
positions of the nanoscale surface atoms. 
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[Text] 


Abstract 


The property parameters for thermal-stress optimiza- 
tion design of the MgO/Ni-system functionally gra- 
dient materials (MgO/Ni FGM) are determined by 
experimental measurements as well as by calculations 
according to a micromechanical model. The causes of 
different results achieved by these two methods are 
discussed. The finite element method is used to simu- 
late the thermal stress in FGM during its preparation. 
The consolidated rules for MgO/Ni FGM design pos- 
tulation are obtained. Based on design results, progres- 
sive adjustments of powder technology properties are 
made. Consequently, MgO/Ni FGM is successfully 
sintered. 


Key words: Functionally gradient material, thermal 
stress, microstructure, design, preparation. 
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1. Introduction 


Metal/ceramic-system functionally gradient materials 
(FGMs) are new composite materials having applica- 
tions potential in such high-tech fields as aerospace, 
nuclear energy, etc.' Whether they can eventually be 
put into practical application depends on the crucial 
elimination of fractures caused by the thermal stress 
induced from different gradient layer properties. 
MgO/Ni-system sintered bodies of various compositions 
are prepared by the powder spreading-filling method. 
Their basic property parameters for thermal-stress opti- 
mization design are measured. The causes of differences 
between these parameters and calculated values are 
discussed. Based on test data, the thermal stress induced 
during the MgO/Ni-system FGM (MgO/Ni FGM) prep- 
aration is simulated with the finite element method, and 
based on the consolidated analysis of the magnitudes 
and distributions of stresses, a principle of material 
structure and composition distribution is proposed. 
Guided by design results and considerations of such 
production technology factors as strengths of the transi- 
tion layers and property data, as well as sintering 
shrinkage and densification conditions, MgO/Ni FGM 
plates are prepared. 


2. Measurement and Evaluation of Property Parameters 


2.1 Material System Selection and Preparation for 
Sintered Bodies of Different Compositions 


The MgO/Ni composite system is selected because of 


high-temperature insulation, etc. Additionally, the 
thermal expansion difference between MgO and nickel 
is small. The gradient combination of these two mate- 
rials has high potential to be used as the inner-wall 
material for the ducts of magnetohydrodynamic 
generators.” 


The raw materials are MgO microfine powder and 
nickel carbonyl powder. Both materials have greater 
than 99.5 percent purity. The particle size for MgO is 
0.3 ym; for nickel carbonyl powder, 5 pm. Each of the 
powder mixes of different MgO/Ni volume composi- 
tions is loaded in a separate pack and isostatically 
compacted under 100 MPa pressure. The pressed spec- 
imens are then sintered in 1.0 x 10? Pa vacuum. 
Considering the nickel sintering temperature, we set 
the sintering condi ons at 1300°C for 100 minutes. 
The sintered bodies are cut and polished for experi- 
mentation. 


2.2 Properties of Sintered Specimens 


The specimen property parameters of six sintered 
compositions are measured. Their results are listed in 
the following table. 
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Material Properties for Various MgO/Ni Mixture Volume Ratios 









































Spectmea No. A : * 
Volume fraction of MgO @/% 100 80 0 
Relative density d,/% 1 64 93 
Young's modulus E/GPa 104 $2 146 
Bending strength op/MPa 14 49 163 
Poisson's ratio v 0.16 0.18 0.35 
Thermal expansion coefficient a x 10°/K"! 128 12.9 15.1 





Young’s modulus with the volume fraction of nickel. 
Figure 2 shows the variation of thermal expansion coef- 
ficient and Poisson’s ratio with the volume fraction of 
nickel. For analytical convenience, the figures also con- 


the calculated values and the experimental values of the 
sintered specimen’s Young’s modulus are similar, except 
at the point of 40-volume-percent nickel; besides, the 
calculated density variations correspond to the experi- 
mental variations. The calculated value of E is minimum 
at 60 volume percent of nickel; however, the fact that the 
experimental E is not minimum at 40 volume percent of 
nickel but higher than the E values of the two neigh- 
boring points indicates that Young’s modulus is 
strengthened at this point. The strengthening character- 
istic also occurs in Poisson’s ratio v. At the same point of 
40-volume-percent nickel fraction, the value of v is 0.27, 
which is also higher than the v values of the two 
neighboring points. The phenomenon that material 
property parameter at a certain composition displays 
abnormal strengthening, which disagrees with the 
Wakashima equation, is caused by the exceptional sin- 
tered microstructure at that particular composition. 
Experiments show that specimens B, D, and E display 
typical dispersion structures, i.e., MgO as second phase 
disperses in the nickel matrix, or vice versa. However, 
the microstructure of specimen C is different, as it 
displays a geometric network structure with a continuous 
crisscross of nickel and MgO. This network structure 
strengthens E and v. Since Wakashima’s model is based 
on the sparse-dispersion micro-geometrical structure, it 
cannot describe the properties of materials with network 
structures. 


























100 
Lt] 
60 
* 
8 
40% 
420 
0 . 7 * 60 30 100 
@n/ % 
Figure 1. Young’s Modulus and Relative Density vs. the 
Volume Fraction of Ni 
16 1 0.5 
o Experiment 
» Calculation 
15 © Experiment 4 0.4 
Pall 7 
—— / 
14} rr — do⸗ 











e % 


Figure 2. Thermal Expansion Coefficient and Poisson’s 
Ratio vs. the Volume Fraction of Ni 
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3. Thermal Stress Simulation and Structural Design 
3.1 Computed Model 

6mm thick and 30mm in diameter, which is sliced into 
15 layers according to the composition. The specimen 
is cooled to room temperature from 1000°C. The 
measured properties are used as model parameters. 
The properties of the intermediate gradient layers are 
obtained through interpolations of the tested data. A 
power function is used to describe the volume fraction 
variations of different gradient layers. The composi- 
tion distribution curves from different indices P are 
expressed by the equation C = (x/d)";* where d is the 
total thickness of each gradient layer, x is the position 
coordinate of any gradient layer, and P is the distribu- 
composition distribution curve C. At the plate’s % 
cross section, we make the finite-element network 
tion indices accordingly, then simulate the thermal 
stress in the specimen with the finite element method. 


3.2 Analysis of Computed Results 


In the computation, the P value varies from 0.6 to 2.8. 
The results show that ¢« distinct thermal relaxation 
effect occurs for any FGM composition distribution, 
and the maximum stress boundary moves toward the 
nicke:-rich side. When P = 0.6, the maximum radial 
stress component o,, is 96 MPa, which indicates a 
thermal stress rélaxation rate of 35 percent, as com- 
pared with the thermal stress of the double-layered 
Ni-MgO FGM (NFGM); when P = 1.8, the relaxation 
rate is as high as 70 percent. 


Figure 3 shows the variation of the maximum ¢,,, G,,, 
and 6,, with the P values. All three stresses have 
minimum values in the areas of P variations and all 
appear in the neighborhood of P = 1.8. Comparatively 
speaking, the axial stress o,, is very small, about % of 
the radial stress o,, and the ring stress Goo. This is due 
to the fact that for the FGM specimens of this experi- 
ment, the ratio of the gradient thickness to the diam- 
eter is 0.13. Large axial stress cannot be induced from 
this small thickness-to-diameter ratio.* Therefore, the 
FGM structural design must take c,, and 6,, as the 
main control stresses. 


Figure 3 shows that the o value is minimum when P = 
1.6 to 1.8. Whether this P value would provide the best 
design will be discussed later in this paper. Figure 4 
shows the variation of maximum stress location center 
with index P (in the graph, h is the distance from the 
center line to the pure nickel side). Figure 4 also shows 














Distribution of power 


Figure 3. Maximum Thermai Stresses vs. Various 
Compositional Distribution Power 





the corresponding FGM gradient layer to the max- 
imum stress location. We can see that the location of 
the maximum stress changes with the P value. After the 
P value reaches 1.2, the location of the maximum 


line is located at the layer with 40 percent of MgO, 
which is the weaker section (measured value is 42 


center occurs at 0.8 h, which is the straight nickel layer. 
Referring to both Figure 3 and Figure 4, although o,, 
————— 


in Figure 5, the local tensile stress’ on the straight 

















Figure 4. Maximum Stress Location vs. Various 
Compositionai Distribution Power; h is a half thickness 
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Figure 5. Tensile Stresses in the Part of MgO-Side vs. 
Various Distribution Power 





In conclusion, even the composition distribution index 
P that represents the best thermal stress relaxation 
effect cannot completely reflect the correct structural 
control parameters. All the following three conditions 
must be considered: 


(1) the target P value which represents the minimum 


(2) the adjusted P value so that the location of thermal 
stress occurs as close to the metallic side as pos- 
sible; 


(3) whether the corresponding P value would induce a 
tensile stress far smaller than the allowable 
strength on the straight ceramic side. 


During vacuum FGM sintering, in the periods of 
temperature sintering, and cooling, the com- 
pacts are not constrained by any external forces. There- 
fore, adjustments of the compacting property and the 
sintering property are possible, which is particularly 
important for a defect-free specimen. In this experi- 
ment, two different types of MgO powder, both mixed 
with 0.5 weight percent of 5 powder, are used. 
One is fluffy microfine decomposed from 
Mg(OH),. The average particle size is about 0.3 pm. 
The other is fine powder thermally decomposed from 
MgSO,-7H,0. The average particle size is about 3 ym. 
When the mixes are made of exclusively 0.3 pm fluffy 
powder and nickel powder, the variation of com- 
pacting densities and sintering shrinkages with the 
MgO composition is as shown in Figure 6. Because of 
the considerable variations among the specimen com- 
pact densities (especially in the straight ceramic spec- 
imens, the differences between the axial pressed com- 
pacts and the compacts further treated with 100 MPa 
cold isostatic pressing are very wide), and the relatively 
low final straight ceramic compact density, 


— 
compatible, about 0.5 weight percent of Fe,0, powder 
is added.* After this treatment, almost all the specimen 
relative densities reach 90 percent after sintering at 
1320°C for 2.5 hours. 
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Fig 6. Formation Densiy and Sintering Shrinkage 





After the aforementioned adjustments, the green com- 
pacts of various compositions are used to determine 
the sintering shrinkage rate changes from room tem- 
perature up to 1250°C at a constant temperature 

rate. The results are shown in Figure 7. For 


increasing 
all but the straight MgO specimen, the sintering 


The straight MgO specimen contains about 70 weight 
percent of microfine powder, and produces an uncoor- 
ee 
During the FGM’s actual lamination, compaction, and 

sintering, the straight nickel side has a higher compac- 
tion density due to irostatic cold pressing. Hence the 
diameter of the ceramic side is larger than that of the 
straight metal side (by about 6 percent). However, the 


In conclusion, quality FGM can only be made 
according to the basic structural design principles 
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shrinkage, etc. are adjusted and controlled in coordi- 
nated fashion. 

4.2 Preparation of FGM 

Two FGM disc specimens of the MgO/Ni system with 
about 6mm thickness, and diameters of and 
— cn ng, Pavano sors  cbpneend seinen 


ing, respectively. The anne Sears 
as follows: 1320°C, 2.5 hours, and 1 x 10°? Pa vacuum; 
1 














(b) —5 
Figure 8. MgO/Ni FGM Samples Prepared by Different 
Sintering Methods 





5. Conclusions 


(1) The experimental method and the micromechan- 
ical model are used to measure and calculate the 
property parameters of the sintered bodies of the 
MgO/Ni system with various compositions. The 
results show that the specimen’s sintering strength 
is mainly controlled by porosity; the coefficient of 
thermal expansion follows a quasi-linear variation; 
and Young’s modulus and Poisson’s ratio are 
strengthened at 40 volume percent of nickel con- 
tent. The implication is that Wakashima’s micro- 
mechanical model cannot yet truthfully describe 
the micro-network structure of the sintered body. 


(2) The thermal stress simulation of a FGM model 
with a thickness-to-diameter ratio of 0.13 shows 
that compared with NFGM, FGM clearly has a 
thermal stress relaxation effect, and the maximum 
stress boundary layer moves significantly toward 
the metal side. The degree of relaxation depends 
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on the distribution index P. The minimum values 
of the three major stress components occur when P 
= 1.8 (when the stress relaxation is 70 percent). 


(3) However, the best material structural design con- 
dition is not when P = 1.8. When factors such as 
the structural location of the maximum stress, the 
strength of the gradient layer at the same location 
of the maximum stress, and furthermore, the ten- 
sile strength of the straight ceramic side are con- 
MgO/Ni FGM is when P = 1.0. 

(4 Based on P = 1.0, when factors such as raw-material 
between compact contraction and sintering 
shrinkage are adjusted, FGM of the MgO/Ni system 
cdiheut toneiiabadieds tallies Gatlin WE tone 
pared by vacuum sintering and HP sintering 
methods. 
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Micrecomputer C-Ada Compiling System Certified 
94P60123A Beijing GUANGMING RIBAO in Chinese 
11 Jan 94 p 2 


[Article by Meng Fansen [1322 4907 2773] and Li Dan 


[2621 0030): “Nation's Computer Compiling Tech- 
nique Strides into Advanced Ranks”) 


[Summary] The high-level microcomputer C-Ada com- 
piling system perfected by a Beijing Sanjiu [0005 0046) 
Enterprises Corporation research team led by Pro- 
fessor Li Xin [2621 6580] recently passed the formal 
appraisal conducted by a panel of 15 software experts. 
An especially interesting feature of this system is the 
originality of its parallel processing capabilities, in 
which—it is reported—China ranks second in the 
world. 


Nation’s Computer Industry Records First Trade 
Surplus 


94P60105A Beijing JISUANJI SHIJIE [CHINA 
COMPUTERWORLD] in Chinese No 50, 29 Dec 93 p 1 


[Article by Liu Keli [0491 0344 7787}: “Nation’s 
Computer Industry Enters Benign Cycle: Import and 
Export Trade Turnover Has First Surplus’’] 


[Summary] China’s computer industry import and 
export trade turnover this year recorded its first surplus. 
According to official statistics, the nation’s 1993 gross 
volume of computer imports and exports was US$2.139 
billion, of which imports amounted to $1.05 billion and 
exports to $1.088 billion. This first trade surplus for the 
30-odd-year-old domestic computer industry indicates 
that this industry has entered the development phase of 
a benign cycle [between economic activities}. 


While exports of computer hardware parts and boards 
continue to form the bulk of China’s computer exports, 
a growing percentage comes from software 
and other kinds of software. Analyzing the reasons for 
the nation’s first computer-industry trade surplus, 
Yang Tianxing [2799 1131 5887], director of the 
Ministry of Electronics Industry's Computer Depart- 
ment, commented that the dominant position of 
China’s computer industry in terms of labor, talent, 
and technology is gradually coming into play amid 
international market competition, and that the produc- 
tion scale of the three types of foreign-funded enter- 
Se eee 
for foreign-exchange-earning exports. 


KEJI RIBAO [SCIENCE AND — 
LY] in Chinese 5 Jan 94 p 2 


[Article by Cao Bo [2580 3134}: “China, U.S. Jointly 
Develop 


ee 
local area networks, or LANs. 
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Fifth-Generation Industrial Robots on Market 
94P60099A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 10 Jan 94 p 3 


{Article by Xu Jingyue [1776 0079 6460]: “Nation's 
Robotics Research Ascends to Advanced International 


fie dp yee arseary acl ta 
domestic fifth-generation industrial robots are now 
eae naies, ten aide ail bron ee, 


spot welding, spray painting, assembly, transport, 





Factory Automation, Robotics 25 


by the China Aerospace Corporation's (CASC) Insti- 
tute 17 along with other units, have “teaching and 
playback” intelligent functions. The spray-painting 
robot, developed by CASC’s Institute. 706 along with 
other units, can grasp 10-kg objects and has a repeat 
positioning accuracy of 2mm. An electronic- 
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Sino-Canadian ‘Global Radar Remote Sensing 
Pian’ Flights Completed 

94P60112A Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS} in Chinese 3 Jan 94 p 2 


[Article by Liu Quanrui [0491 5425 3843): “Global 
Radar Remote Sensing Plan Successfully Implemented 
in Guangdong”) 

[Summary] Guangzhou (ZHONGGUO KEXUE BAO 
report)—As part of the “Global Remote Sensing Plan” 
jointly developed by the CAS Institute of Remote 
Sensing Applications and the Canadian National 
Remote Sensing Center, engineers on 21 and 22 
November [1993] flew over the Zhaoging Prefecture of 
Guangdong Province and successfully completed radar 
remote sensing flight imaging tasks including real-time 
acquisition of perfectly clear images. These images, to 
be used for development and exploration of agricul- 
tural, forest, mineral, and water resources, were cap- 


carried on board the Canadian CV-580 aircraft flying 
at an altitude of 5,500 meters and having an imaging 
range of over 8,000 square kilometers. The current 
cooperative project with Canada, in addition to the 
aforementioned radar imaging flights, also included a 
symposium, data processing and analysis, and aca- 
demic interchanges. Chinese scientists and engineers 
the nation’s technological level in radar remote 
sensing, and scientists on both sides gatisfac- 
ee of the plan 
ights. 


Beijing FEL Achieves Saturated Oscillation 


94P60112B Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 15 Jan 94 p 3 


[Article by Yang Lianghua [2799 5328 0553]: “Beijing 
Free Electron Laser Facility Achieves Another Major 
Breakthrough: Successfully Realizes Saturated Oscilla- 


tion, a State-of-the-Art Accomplishment”) 


[Summary] Beijing, 14 Jan (RENMIN RIBAO OVER- 
SEAS EDITION report)}—This writer learned today 
from sources at the CAS Institute of High-Energy 
Physics that the institute’s Beijing Free Electron Laser 
(BFEL) facility, which achieved infrared FEL oscilla- 
tion over six months ago [see JPRS-CST-93-01 3, 27 Jul 
93 p 18}, recently had another major breakthrough. On 
28 December 1993, the BFEL facility successfully 
realized saturated oscillation, becoming Asia’s first 
infrared FEL facility—among the 10-odd such instal- 
lations built in the United States, West Europe, and 
then Asia—to reach this goal and thus propelling 
China into the world’s front ranks in this high-tech 
field. The BFEL facility first achieved infrared FEL 
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[Article by Zhu Guangze [2612 1639 6358] and Wei 
Caiying {7614 1752 $391] of the National Satellite 


i 
i 
: 
al 
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ig system are analyzed. A criterion and method 


for VISSR focusing are proposed and the experimental 
results for 
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94P60098B Shanghai HONGWAI YU HAOMIBO 
XUEBAO [JOURNAL OF INFRARED AND 
MILLIMETER WAVES] in Chinese Vol 12 No 4, Aug 93 
pp 271-274 


[Article by Liu Pulin [0491 2528 7207}, Shi Guoliang 
[0670 0948 5328}, et al. of the National pg for 


— Spectrometer With Optical Trans- 
mission Efficiency”; MS received 20 in 93, fevised 14 
Jun 93] 


[Abstract] An FTIR (Fourier transform infrared) mag- 
neto-optical spectrometer with high optical transmis- 
sion efficiency has been developed: from .a novel 
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spectra are given. The system is based on a Brucker 
113V FTIR spectrometer, with an operating spectral 
range of 10-10,000 cm"' and a maximum resolution of 
0.03 cm". The liquid-helium Dewar / 

magnet system is an Oxford $11/12L-40-13, with a 
magnetic-cavity effective diameter of 40mm and a 
maximum field strength of 12 T. The five-reflector 
imaging system is independently Overall 
system transmission efficiency is 0.37 (37 percent). 


Figure 1, reproduced below, is a schematic diagram of 


‘the entire system, while Figures 2 and 3, not repro- 


duced, show measured spectra for a test of the optical 
transmission system and photothermal ionization 
spectra (resolution = 0.15 cm*') of ultra-pure silicon 
under various magnetic fields. There are no tables. 
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Figure 1. Schematic Diagram of the FTIR Magneto-Optical Spectrometer 
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94P60098C Shanghai HONGWAI YU HAOMIBO 
XUEBAO [JOURNAL OF INFRARED AND 
MILLIMETER WAVES] in Chinese Vol 12 No 5, Oct 93 
pp 397-403 


[Article by Guo Guanjun [6753 0385 6511] of the Tank 
Academy, Physics Teaching & Research Section, 
Bengbu, Anhui 233013, Xu ts menage 1627 $399) 
of the Dept. of Optics, Shandong U , Jinan 
250100, and Wang Min [3769 3046] of the Crystal 
Institute, Shandong University: “Relation Between 
Thicknesses, Dielectric/Pyroelectric Properties of 
PVDF:TGS Composite Material Films,” supported by 
ee ee re 
] 


[Abstract] PVDF:TGS [polyvinylidene fluoride: trigly- 
cine sulfate] composite films of varying thickness have 


Room-temperature (15°C) 
authors from these thin films (15-20 um thick) have a 
detectivity D° (SOOK, 12.5 Hz) of 1.55 x 10° cm- 
Hz'.W-', an NEP [noise equivalent power] (500K, 
12.5 Hz) of 1.95 x 10° W, — 
diameter of 2mm. 
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Optical Omega Network With Four-Function 
Optical Exchange-Switch for Digital Optical 
Switching Network 

94P60110A Shanghai GUANGXUE XUEBAO [ACTA 


OPTICA in Chinese Vol 13 No 12, Dec 93 
pp 1105-1109 


[Article by Cao Mingcui [2580 2494 $050], Luo Feng- 
guang [5012 7364 0342], et al. of the National Labo- 
ratory of Laser Technology, Huazhong (Central China) 
University of Science & Technology, Wuhan 430074: 
“Four-Function 


ported by grants 
NSFC; MS received 13 Oct 92, revised 25 Jan 93] 


[Abstract] An optical Omega network with a four- 
function for a digital optical 


izing prisms is discussed in detail. The optical system 
and experimental results with twisted-nematic liquid 
crystal plates are given. 


Figures 1, 3, 4, and 6, reproduced below, show an 
Omega interconnection network (P.S. = perfect shuffle, 
A-L are the twelve 2 x 2 switches), a schematic diagram 
of the optical Omega network with four-function 


vans, tate Ab eo CO india pdviden oe Ce, 
prisms, lines AB and CD indicate Co 
ap spayed ety f aeeyy, S77) and 


PB, and PB, are prism blocks), the four states of the 
exchange-switch corresponding to the different states 
of the liquid-crystal pixels, and a schematic diagram of 
the optical Omega interconnection network with four- 
function optical exchange-switch arrays, respectively. 
Figures 2, 5, and 7, not reproduced, show a simple 
schematic of a four-function exchange switch, five 
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Figure 1. The Omega interconnection Network (N = 8) 
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Shenzhen, Powerful Chips Base 


40100033A Beijing CHINA DAILY (BUSINESS 
WEEKLY) in English 31 Jan 94 p 4 


{Article by Zhang Xingbo: “Shenzhen, Powerful Chips 
Base” (cf. JPRS-CST-93-006, 6 Apr 93 p 41]] 


[Text] Shenzhen—A Shenzhen-Hong Kong pro- 
gramme for producing super-large-scale integrated 
chips—the largest such programme in China— 
announced last week the establishment of its Chinese- 
side investment company. 


The Shenzhen Saige High-Tech Investment Co., Ltd. 
will co-operate with a large European company in 
producing super-large-scale integrated chips in the 
Shenzhen Special Economic Zone and in conducting 
its after-processing work in Hong Kong. 


The total investment is expected to exceed 8.7 billion 
yuan or $1 billion, according to Wang Dianpu, 
chairman of the board of the Shenzhen Saige Group, 
the major shareholder in the investment company. 


At the opening ceremony last week, Wang noted that in 
1991, the super-large-scale integrated programme was 
designated a State-class high-tech project. 


After two years of preparation, the chairman said, the 
company was officially established with a total regis- 
tered capital of 280 million yuan ($32 million). 


The company has five shareholders. Besides the Saige 
group, they are the Shenzhen Urban Construction 
Group, Shenzhen New Industry Investment Co., Ltd., 
Shenzhen Zhongcheng Electronics Engineering Co., 
and Shenzhen Chang Ho Industry Co., Ltd., a joint 
venture by mainland and Hong Kong parties. The 
Saige group controls 62.6 per cent of all shares. 
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Wang said the company will invite more large companies 
in Shenzhen to buy shares. 


In the near future, Wang said, the company will 


emphasize designing, producing, and 
testing technology for super-large-scale integrated cir- 
arsine esl wasn 


Over the long term, Wang said, the company hopes to 
develop into a powerful multinational corporation. 


The super-large-scale integrated programme will be 
built in phases. 

In the first phase, the company will build an after- 
processing plant and a design centre at the Futian 
Bonded Area in Shenzhen. It will cover more than 
37,000 square metres. 


According to Wang, the company will use advanced 
production equipment and to design, 
package and test various kinds of integrated circuitry. 


The first-phase project, costing nearly $100 million, is 
expected to produce 318 million integrated chips each 
year. Most will be exported. 


The project is expected to go into operation next year. 


“It will be the most advanced in technology and the largest 


in scale of the country’s competing manufacturers,” Wang 
said. 


He added that it would play an important role in 
promoting the country’s electronics , nar- 
rowing the technological gap between China and devel- 
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Further Reports on Fiber Optic Communications 


Shanghai-Fujian Cable Operational 
94P60109A Shanghai WEN HUI BAO in Chinese 
2 Jan 94 p 2 


{Article by Wang Shiyi [3769 0013 5030}: “Shanghai- 
Fujian Fiber Optic Cable Project Completed, Opera- 


[Summary] Ningbo, 1 Jan (WEN HUI BAO wire 
missioned by the State Planning Commission, passed the 
acceptance check administered by MPT a few days ago 
here in Ningbo, Zhejiang Province, and is thus formally 
operational. This 1142.59-km-long cable project, which 
uses 24-core cable, runs from the Shanghai Long-Haul 
Telecommunications Tower through Hangzhou, Ningbo, 
Wenzhou, and Ningde, to the Fuzhou Telecommunica- 
tions Hub Tower. Project final capacity will be 7 x 1920 
circuits, while the now-completed phase provides 29,640 
terminal circuits and 7860 repeater circuits. 


First Cable TV Fiber Trunk Line 
Transmission 


94P60109B Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 7 Jan 94 p 1 


{Article by Hu Hongwei [5170 1347 0251] and Fang 
Ziyong [2455 5261 6978}: “Breakthrough for Nation’s 
Cable TV Transmission Technology: Domestically 
Made Fiber Optic Trunk Line Transmission System 
Completed”] 

[Summary] Hangzhou, 6 Jan (XINHUA)—The 
nation’s first all-domestically-made cable TV fiber 
optic trunk line transmission system was recently com- 
pleted. In the mid-to-late-80s, a number of developed 
nations announced perfection of such systems, while 
China’s first imports and attempts to use this new high 
technology date from the early 90s. The now opera- 
tional 10.3 Xiangshan (Dancheng) to Qiang- 
touzhen [8259 7333 6966] transmission system incor- 
porates domestically made devices and materials 
throughout. With installation and debugging com- 
pleted, the system transmits clear, high-quality images. 


Reports on Domestic Development of HDTV 


In Search of Perfect TV 
40100035A Beijing CHINA DAILY in English 14 Feb 94 p 5 


[Article by staff reporter He Jun: “In Search of Perfect 
TV”] 


[Text] Why not sharpen your TV—eliminate ghosts 
and noise and replace them with pure bright, beautiful 
pictures with natural colours and high-fidelity sound? 


Telecommunications R&D 31 


Scientists around the world are in their final dash to 
replace the present TV sets in your home with magic 
China, with most of its 800 million TV viewers still 
watching black-and-white, also has mapped out an 
ambitious plan, vowing to open its first experimental 
HDTV station by the turn of the century. 

If what scientists predict comes true, this new genera- 
tion of television will eliminate most of the shortcom- 
ings of the old set, including some things you may not 
have noticed. 


As signals processed, transmitted and received are all 
digital, the loss of fidelity can be reduced to nothing 
theoretically or, at least, to an acceptable level, said Ma 
Changhua, technical adviser of the Ministry of Broad- 
casting, Film and Television. 


The picture tube of HDTV will scan twice the number 
of lines current television can provide, so its fidelity 
can be as high as 35-millimetre film, said Ma, who is 
also in charge of the HDTV research project. 


That means, when you stand at a distance of three 
times the screen height from the television, the picture 
is exactly the same as you can see at the real site, Ma 
added. 


Therefore, the screen can be much larger than current 
ones. A common HDTV screen will be 32- 
or-36-inches. 


It also changes the aspect ratio of the TV screen from 
the current 4:3 to 16:9, because a wide screen is much 
more comfortable on one’s eyes. 


As for your ears, the scientists have designed a so- 
called “5.1-channel sound system” to both comfort 
and shock viewers. 


There are six different multi-directional sound channels. 
Using digital technology, the new TV will be able to avoid 
most interference in the current television from both 


inside—signals in the same and adjacent channels—and 
outside—buildings, cars or vacuums. 


Furthermore, with some technologies, one’s home 
computer can also be linked to an HDTV monitor, 
greatly expanding the functions of the computer. 


As TIME magazine reported, it can become an “inter- 
active home information appliance” linked by fibre 
optics, made easy to use by software and driven by 
powerful computer chips. 


The future of the multimedia industry, though not 
guaranteed, means the HDTV system may bring vir- 
tual reality into one’s living room. 








32 Telecommunications R&D 


China 


China’s science circles are going all out to keep pace 
with the developed world on HDTV, which is 
advancing at a very rapid rate. 


Japan is broadcasting an 8-hour HDTV programme 
each day through satellite. The U.S. is expected to open 
its first experimental HDTV station in 1996. 


It is a must for China to develop HDTV technologies, 
said He Zuoxiu, an academician of the Chinese 
Academy of Sciences. 


“The so-called HDTV issue is not only a matter of 
television, but also related to a wide range of other 
social questions,” He said. 


The technologies of digital processing, transmission, 
— 5 es 
medicine, the military, research, education, visual 
communication as well as other cultural and entertain- 
ment sectors, said the senior scientist. , 


With the great improvement in TV resolution, the 
movie industry in the future may not necessarily shoot 
a “film” with film, but tape, so that the cost can be 
greatly reduced, He said. 


“China must master these technologies if it does not 
want to always follow others in the high-tech field,” he 
said. 

He also believes that the huge future HDTV market, 
—_—" and international, promises large 


An HDTV Strategy Research Group was organized in 
last April with authoritative scientists and officials 
from the State Science and Technology Commission 
(SSTC), the Chinese Academy of Sciences and China’s 
top authorities in radio, film and television, the elec- 
tronics industry, and post and telecommunications 
and the space industry. 


According to the group’s plan, now waiting for central 
government approval, China will post its HDTV 
system standards in 1997. 


China so far has only a few computer-simulated 
HDTV systems in Ma Changhua’s laboratory. These 
can display strikingly clear pictures. 


China plans to establish a model HDTV system within 
two years. Scientists will actively prepare from now on 
the opening of the country’s first i HDTV 
station around 2000, while developing its own HDTV 
industry. 


The main task for China’s HDTV development includes 
developing some key technologies and an industry to 
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produce HDTV receivers, said Feng Jichun, an official 
with the State Science and Technology Commission 
(SSTC). 

“This is the highest priority,” he stressed. 

China expects to start commercial production of 
HDTV receivers by the turn of the century, he said. 
The United States plans to stop broadcasting its cur- 
rent common television in 15 years. 


The process of replacing the current television system 
with a high definition one will be 5 to 10 years longer 
in China than in the U.S., according to the “most 


optimistic prediction” by Feng Jichun. 
This is such a sophisticated project that it needs the 


close co-operation of all concerned government depart- 
Se te en en ee oe 


Technology 
China is not capable of independently developing all 
the technologies related to HDTV, for which Japan, 


the European Community and the US have, or plan to, 
pour billions of dollars, Feng said. 


ea en ee 


¢ Professional equipment, including cameras and 
recording and broadcasting 

e 16:9 wide-screen monitors 

e Source encoding, compression 

° systems; 

e Others. 

Some technologies are still in the early research stage 

by scientists around the world. And none has so far 

been mastered by China. 


“We will be seeking broad international co-vperation,” 
said the official. 


The technology for the signal encoding, compression 
and decoding is one of the key fields the Chinese 
scientists are studying, he added. 


China has focused sharply on the production of home- 
use HDTV receivers for they are comparatively easy to 
make as well as highly profitable. 


Research on HDTV picture tubes has started in some 


Some scientists also have paid great attention to the 
design and manufacture of the special chips—the brain 
of digital HDTV. 
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Costs Remain Too High for China 
40100035B Beijing CHINA DAILY in English 14 Feb 94 p 5 


[Article by staff reporter He Jun: “Costs Remain Too 
High for China’”’] 


[Text] While the world of high-definition television 
(HDTV), jointly created by the developed nations, is 
rapidly approaching, China has checked her pocket- 
a Ome 


A long debate among experts early last year concluded 


Though most of China’s 800 million TV viewers are 
still watching black-and-white sets, China’s economic 
miracle in recent years promises that an increasing 
number of people will embrace the new 

said Feng Jichun, an official with the State Science and 


Technology Commission (SSTC). 
Chinese family incomes are expected to increase 
sharply in the next few years. 


= yt pte lam 
with technological improvement. 


The retail price of an HDTV receiver was 4.5 million 
Japanese yen ($40,500) when it first hit the market in 
December 1990. And in May 1993 it was 980,000 
Japanese yen ($8,820) for a 32-inch receiver with 
built-in decoder. 


As American scientists develop a fully digital HDTV 
system, which is more advanced than the Japanese 
analogue one, the cost of such HDTV 
receivers will drop to $1,000 by the turn of the century, 
according to some predictions. 

Though the predictions seem over-optimistic, it is sure 
that the new technology will cost less. 

But however promising the HDTV market, the invest- 


ment needed to conquer it is too high to be acceptable 
for China. 


Japan and European Community countries have poured 
a total of $3.5 to $4 billion into HDTV research in the 
last 20 years. The US. is also expected to pour billions of 
dollars into developing its digital technology. 


Though China has focused on just a small part of the 
technological development, the scheduled research will 
still cost hundreds of millions of yuan, excluding that 
for industrial production of HDTV receivers, said 
Feng. 


manufacturers can’t bring the cost down until millions 
of consumers purchase HDTVs. 
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Nation Must Assess Situation 
40100035C Beijing CHINA DAILY in English 14 Feb 94 p 5 


[Article by staff reporter He Jun: “Nation Must Assess 
Situation and Choose an HDTV System”] 


[Text] With China’s growing determination to develop 
its own HDTV, the primary task ahead is to choose 
which hi-tech systems to emulate. 

Since China is not technologically or financially 
capable of developing its own HDTV system, choosing 
the proper system is essential, said Feng Jichun of the 
State Science and Technology Commission (SSTC). 
He said only one thing is certain now—China’s HDTV 
will be a fully digital system. 

In the last 20 years, developed countries have invested 
a lot of time and money in HDTV research. Currently, 
three systems are under development: the analogue 
systems of MUSE in Japan, HD-MAC in Europe and 
the full-digital system of America. 


Although only a few years old, the U.S. fuli-digital 
HDTV system is now the most advanced and the 


future of the HDTV world. 


Both Japan and Europe are devoting greater efforts to 
developing their own full-digital HDTV systems. 

But developing HDTV in China is not as simple as 
copying another HDTV system. Different conditions 
in China must be met first, said Ma Changhua, director 
of the HDTV research project of SSTC. 


Ma is also the former director and now the technical 
adviser of the Institute of Broadcasting Science of the 
Ministry of Broadcasting, Film and Television. 

“It is not only a matter of adopting a set of new and 
advanced technologies for making television,” Ma said. 
“We must consider all kinds of technical problems as well 
as the current status of the Chinese television.” 


A decision has to be made whether or not the current 
production lines of Chinese TVs are to be abandoned in 
favour of the better, clearer sets from the West, Ma added. 


The world has three colour TV systems: NTSC in U.S., 
Japan and Asia, PAL in West Europe and China, and 
SECAM in East Europe and France. 


Because of the “internal relations” between HDTV and 
current television, Ma said, it is possible to use present-day 
sets while replacing the conventional TV with HDTV. 


But if China uses a system totally different from 
current televisions, all its TV station equipment and 
production lines may become obsolete. 
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Meanwhile, Ma said, there are many technical problems. 
For example: 


Using the PAL system for its conventional TV, China’s 
TV channel bandwidth is 8 megahertz (MHz). 


If China uses the U.S. and Japan bandwidth of 6 MHz, 
which is likely to be used in the U.S. full-digital television, 
it is easier for programme exchange, but more difficult to 
re-allot the existing channels. So the country plans to use 8 
MHz to get better picture quality. 


But the difference among future HDTV systems will be 
smaller if all the countries adopt the full-digital style, Ma said. 
By using digital technologies, television communica- 
tions will be much easier in an HDTV world. 

“I think the future HDTV sets can receive programmes from 
any country if a common standard is adopted,” Ma said. 


Though scientists dream of a world television system, the 
future HDTV is not likely to use a universal system. 


For all the political and economic concern, the slogan 
“For the World Peace” that has appeared at so many 
international HDTV seminars is turning out to be 


wishful thinking. 


Each country has to consider their own specific situa- 
tions and make their own choice, Ma said. 


Short-Wave Ray Tracing in Ionosphere 
4010003 1C Beijing KONGJIAN KEXUE XUEBAO 
[CHINESE JOURNAL OF SPACE SCIENCE] 

in Chinese Vol 13 No 4, Oct 93 pp 306-312 


[English abstract of article by Suo Yu-cheng of China 
Research Institute of Radiowave Propagation, Xinx- 
iang 453003; MS received 24 Mar 92] 


[Text] In accordance with the requirement of ground 
communications systems of remote distance for short- 
wave band, on the basis of the model calculation of the 
mean background of ionospheric parameters, a method is 
presented for calculating the trace of short-wave rays in the 
ionosphere. The work is mainly concentrated on two 
aspects. First of all, because the frequency of short waves is 
relatively higher, the magnetic and collision effects in 
refractive index are neglected, so that general ray equa- 
tions are simplified. In the second place, a method of 
calculating the first-order partial derivative of ionospheric 
plasma parameters is presented. The calculation of the 
partial derivative is on the basis of model result of param- 
eters of each ionospheric layer, that is, on the basis of mean 


background of ionospheric parameters. 


This method can be used in HF communications 
system, and other short-wave systems such as target- 
position system of HF radar, etc. 
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China Joins World Leaders in Nuclear Physics 


94FE0200B Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 29 Nov 93 p 3 


[Article by Han Zhenjun (7281 2182 6511]} 


[Text] Beijing, 27 November (Xin Hua}—Researchers 
at the Chinese Atomic Energy Research Institute had 
successfully built China's first radioactive nuclear sec- 


4 they 
obtaining Carbon-11 and Fluorine-17 radioactive 
nuclear beams from the beam line. This achievement 
greatly expanded the scope and depth of nuclear 
physics research in this country; it also made China 
one of the world leaders in this field. 


According to reports, researchers at the Tandem Accel- 
erator National Laboratory used Boron-11 and Oxy- 
gen-16 produced by the accelerator to stabilize the 
nuclear beam, then used the newly constructed sec- 
ondary beam line to separate, transport and focus the 
nuclear beams of different mass and energy; finally, the 
desired Carbon-11 and Fluorine-17 were obtained in 
the target chamber at the enc of beam line. The test 
results indicate that the performance of this facility 
meets the expected performance indices. It is believed 
that currently only two or three large laboratories in 


Physics 


the United States and Japan have constructed similar 
radioactive secondary facilities to carry out these 


National Laboratory of the Chinese Atomic Energy 
Research Institute. In the past, this accelerator has 


played an important role in China’s nuclear physics 
research where it has been used to perform mass 
spectral analysis of beryllium-10, to simulate the sin- 
gle-particle effect in large integrated circuits, and to 
study the time of flight of abnormal fast neutrons. 
This project is supported by the National Foundation 
of Natural Science and the Chinese Nuclear Science 
Foundation. 
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